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Description 

[0001 ] The present invention relates to a nitrogen gas 
supply system for dry-cut working apparatus which sup- 
plies nitrogen gas to a machining part or to a tip of a tool 
attached to a working machine such as a machining 
center, milling machine, lathe, gear cutting machine, 
grinding machine, etc. 

[0002] The cooling of a tool attached to a spindle of a 
working machine in a prior art is carried out by injection 
of cutting liquid (liquid coolant) from a nozzle of a work- 
ing machine to a top of the tool, in order to maintain the 
less friction and the lower temperature of the tool, there- 
by the effective cutting and the long tool life may be ob- 
tained. 

[0003] In the thus mentioned method of cooling of the 
tool by using the cutting liquid (liquid coolant), the dis- 
posal of sludge is required. However, since the sludge 
incorporates the perished liquid coolant, it is difficult to 
dispose of the waste liquid. Further, since the cutting 
liquid (liquid coolant) is recycled, the liquid may gradu- 
ally rise in temperature, which may cause thermal ex- 
pansion of any part of the machine. This is one of the 
major causes which would spoil the accuracy of machin- 
ing. 

[0004] To overcome the above problem, there has 
been provided a "dry-cut" method which blows non- 
combustible gas to a working point, as disclosed in the 
Japanese patent publication after examination (Kokoku) 
No. Sho 63-62339 or the Japanese patent No. 2568975. 
In particular, the dry-cut method by n on -combustible gas 
as according to the Japanese patent No. 2568975 has 
several merits, that the machining part may be being 
prevented from being oxidized, and that the danger of 
being ignited due to oil mist may be prevented. However, 
according to the Japanese patent No. 2568975, the non- 
combustible gas is supplied from an inert gas tank. Fur- 
ther, according to the above discussed publication No. 
Sho 63-62339, a tank 11 filled with liquid nitrogen is 
heated so that the vaporized nitrogen gas may blow out 
of the tank 11. These system will require more expen- 
sive running costs and wider space for installing such a 
tank. In addition, when the nitrogen gas consumption 
increases, the replacement of tank or the replenishment 
of nitrogen gas will frequently be required. Therefore the 
continuous supply of the nitrogen gas cannot be carried 
out, thus the machining to workpieces should be disrupt- 
ed many times. 

[0005] In the light of problems which have been arisen 
from the nitrogen gas tanks for dry-cut according to the 
prior arts as above described, in which the continuous 
supply of nitrogen gas cannot be carried out, and much 
expensive running costs are required, the inventors 
have focused on the fact that there is the nitrogen gas 
existing in the ordinary air (the atmosphere) by almost 
80% thereof Thus, the inventors succeeded in providing 
a nitrogen gas supply system, in which the air is com- 
pressed, and only the ingredient of nitrogen gas is sep- 



arated and extracted from the obtained compressed air, 
so that this nitrogen gas may continuously be supplied 
to a machining part of the working machine or to a tool 
attached to the working machine. 

5 [0006] Therefore it is a first object of the present in- 
vention to provide a nitrogen gas supply system for dry- 
cut working machine in which a nitrogen gas collected 
from the atmosphere is continuously be supplied to the 
machining part of the working machine or to the tool at- 

io tached to the working machine. Further, it is a second 
object of the present invention to provide a nitrogen gas 
supply system for dry-cut working machine provided 
with several types of air compressing means in order to 
efficiently compress the air in the atmosphere. Further, 

is it is a third object of the present invention to provide a 
nitrogen gas supply system for dry-cut working machine 
provided with a collection means which reuses (recy- 
cles) the nitrogen gas after collecting such a gas which 
has been supplied to the working machine. 

20 [0007] To achieve the objects mentioned above, ac- 
cording to claim 1 of the present invention, there is pro- 
vided a nitrogen gas supply system for dry-cut working 
machine, comprising a nitrogen gas generator for sep- 
arating and extracting only nitrogen gas existing in the 

25 atmosphere, and a supplier for sending the nitrogen gas 
from the nitrogen gas generator to a working part of a 
working machine. 

[0008] According to claim 2, there is provided a nitro- 
gen gas supply system for dry-cut working machine, 

30 comprising a nitrogen gas generator for separating and 
extracting only nitrogen gas existing in the atmosphere, 
a supplier for sending the nitrogen gas from the nitrogen 
gas generator to a working machine, and blower for con- 
vergent^ blowing the nitrogen gas at a cutting tip in a 

35 working part of the working machine. 

[0009] According to claim 3, there is provided the ni- 
trogen gas supply system for dry-cut working machine 
of claim 1 , wherein the nitrogen gas generator compris- 
ing a air compressing means for compressing the at- 

<o mosphere to be about 0.2 - 1 .0 Mpa (2-10 kg/cm 2 ) in 
order to obtain a compressed air, a drying means for 
removing oil, moisture, etc. from the compressed air, a 
extracting means for extracting only the nitrogen gas 
from the compressed air, and a gas concentration main- 

45 taining means provided with a flow control valve and 
flow volume meter or with a flow control valve and an 
oxygen concentration meter in order to maintain a con- 
centration of the nitrogen gas to be within a range of 90 
%-100%. 

so [0010] According to claim 4, there is provided the ni- 
trogen gas supply system for dry-cut working machine 
of claim 2, wherein the nitrogen gas generator compris- 
ing a air compressing means for compressing the at- 
mosphere to be about 0.2 - 1.0 Mpa (2-10 kg/cm 2 ) in 

55 order to obtain a compressed air, a drying means for 
removing oil, moisture, etc. from the compressed air, a 
extracting means for extracting only the nitrogen gas 
from the compressed air, and a gas concentration main- 
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taining means provided with a flow control valve and 
flow volume meter or with a flow control valve and an 
oxygen concentration meter in order to maintain a con- 
centration of the nitrogen gas to be within a range of 90 
%-100%. 

[001 1] According to claims 5 and 6, there is provided 
the nitrogen gas supply system for dry-cut working ma- 
chine of claim 3 or 4, wherein the air compressing 
means is a compressed air supply running through a 
factory via piping within a range of 0.4 - 0.8 Mpa (4 - 8 
kg/cm 2 ). 

[0012] According to claims 7 and 8, there is provided 
the nitrogen gas supply system for dry-cut working ma- 
chine of claim 3 or 4, wherein the air compressing 
means is a compressed air supply running through a 
factory via piping within a range of 0.4 - 0.8 Mpa (4 - 8 
kg/cm 2 ), and a pressure intensifying means for further 
intensifying pressure of the compressed air supply to be 
in a range of 0.6 - 1.0 Mpa (6-10 kg/cm 2 ). 
[0013] According to claims 9 and 10, there is provided 
the nitrogen gas supply system for dry-cut working ma- 
chine of claim 3 or 4, wherein the air compressing 
means is an air compressor for generating a com- 
pressed air within a range of 0.2 - 1.0 Mpa (2 - 10 kg/ 
cm 2 ). 

[0014] According to claims 11 and 12, there is provid- 
ed the nitrogen gas supply system for dry-cut working 
machine of claim 3 or 4, wherein the extracting means 
is a filter element for separating only the nitrogen gas 
from the compressed air. 

[001 5] According to claims 1 3 and 1 4, there is provid- 
ed the nitrogen gas supply system for dry-cut working 
machine of claim 3 or 4, wherein the extracting means 
is an absorption element for separating only the nitrogen 
gas from the compressed air. 
[001 6] According to claims 1 5 and 1 6, there is provid- 
ed the nitrogen gas supply system for dry-cut working 
machine of claim 1 or 2, further comprising a breathing 
device as a collecting means for collecting said nitrogen 
gas after completion of working, and a piping as a trans- 
fer means for transferring a collected nitrogen gas to the 
air compressing means. 

[001 7] According to claims 1 7 and 1 8, there is provid- 
ed the nitrogen gas supply system for dry-cut working 
machine of claim 1 5 or 1 6, wherein the collecting means 
comprising a breathing device and a filter 
[0018] According to claims 1 9 and 20, there is provid- 
ed the nitrogen gas supply system for dry-cut working 
machine of claim 3 or 4, wherein the dry -cut working ma- 
chine is a machining center, a milling machine or a gear 
cutting machine. 

[0019] According to claims 21 and 22, there is provid- 
ed the nitrogen gas supply system for dry-cut working 
machine of claim 3 or 4, wherein the dry-cut working ma- 
chine is a lathe. 

[0020] And according to claims 23 and 24, there is 
provided the nitrogen gas supply system for dry-cut 
working machine of claim 3 or 4, wherein the dry^cut 



working machine is a grinding machine for grinding a 
workpiece by a grinding tool. 

[0021] With this structure, according to claim 1, it is 
possible to separate and extract only the nitrogen gas 
5 ingredient from the compressed air obtained by com- 
pressing the atmosphere, and this extracted nitrogen 
gas may be supplied to the machining part for the work- 
piece provided in the working machine by maintaining 
high concentration of the extracted nitrogen gas. Thus 

10 the machining point to the workpiece as well as the por- 
tion adjacent thereto are within the nitrogen gas atmos- 
phere, in which no oxygen exists. Accordingly, the cool- 
ing effect and the oxidation resistance effect are given 
to the tool and the workpiece. Further, since the nitrogen 

75 gas is supplied after being collected from the atmos- 
phere, the lower running costs and the continuous nitro- 
gen gas supply can be accomplished. 
[0022] According to claim 2, it is possible to separate 
and extract only the nitrogen gas ingredient from the 

20 compressed air obtained by compressing the atmos- 
phere, and this extracted nitrogen gas may convergently 
be supplied to the tip of the tool of the working machine 
for machining to the workpiece, by maintaining high con- 
centration of the extracted nitrogen gas. Thus the tool 

25 tip for machining to the workpiece may effectively be- 
come within the no-oxygen, nitrogen gas atmosphere, 
which gives the cooling effect and the oxidation resist- 
ance effect to the tool and the workpiece. Further, since 
the nitrogen gas is supplied after being collected from 

30 the atmosphere, the lower running costs and the con- 
tinuous nitrogen gas supply can be accomplished. 
[0023] According to claim 3, the atmosphere has been 
compressed to be the compressed air at 0.2 - 1 .0 Mpa 
(2-10 kg/cm 2 ), then the obtained compressed air is pu- 

35 rified by the drying means by which oil, moisture and 
dust are removed, and only the nitrogen gas ingredient 
is separated and extracted from this purified com- 
pressed air. The thus obtained nitrogen gas is main- 
tained at the concentration of 90 - 1 00 % by the gas con- 

40 centration maintaining means, and is supplied to the 
machining part of the working machine. This nitrogen 
gas supply system can continuously supply the nitrogen 
gas to the machining part of the working machine after 
the nitrogen gas being separated and extracted from the 

45 from the atmosphere, thus the lower running costs 
therefor may be accomplished. 
[0024] According to claim 4, the atmosphere has been 
compressed to be the compressed air at 0.2 - 1 .0 Mpa 
(2-10 kg/cm 2 ), then the obtained compressed air is pu- 

50 rified by the drying means by which oil, moisture and 
dust are removed, and only the nitrogen gas ingredient 
is separated and extracted from this purified com- 
pressed air. The thus obtained nitrogen gas is main- 
tained at the concentration of 90 - 1 00 % by the gas con- 

55 centration maintaining means, and is convergently sup- 
plied to the tool tip in the machining part of the working 
machine. This nitrogen gas supply system can continu- 
ously and effectively supply the nitrogen gas, even 
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though the supplying amount thereof is small, to the tool 
tip of the machining part of the working machine after 
the nitrogen gas being separated and extracted from the 
from the atmosphere, thus the lower running costs 
therefor may be accomplished. 
[0025] According to claims 5 and 6, with reference to 
claim 3 or 4, since the source of the air compressing 
means relies on the compressed air supply controlled 
at 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ) via piping running through 
the factory, it is not necessary to incorporate the air com- 
pressor in the nitrogen gas supply system. Thus the 
down-sized and low-cost nitrogen gas supply system 
can be accomplished. Further, the extraction of the ni- 
trogen gas from the atmosphere also contributes to the 
remarkable reduction of running costs. 
[0026] According to claims 7 and 8, with reference to 
claim 3 or 4, the air compressing means comprises the 
compressed air controlled at 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ) 
via piping running through the factory, and the pressure 
intensifying means by which the compressed air is fur- 
ther intensified to be about 0.6 - 1 .0 Mpa (6-10 kg/cm 2 ), 
therefore it is sufficient to incorporate a small size of air 
compressor in the nitrogen gas supply system. Thus the 
down-sized and low-cost nitrogen gas supply system 
can be accomplished, as well as the wider range of com- 
pressed air between 0.4 - 1 .0 Mpa (4-10 kg/cm 2 ) may 
be obtained by using the compressed air running 
through the factory. Further, the extraction of the nitro- 
gen gas from the atmosphere also contributes to the re- 
markable reduction of running costs. 
[0027] According to claims 9 and 10, with reference 
to claim 3 or 4, since the air compressing means is the 
air compressor which directly compresses the atmos- 
phere and generates the compressed air within the 
range of 0.2 - 1.0 Mpa (2-10 kg/cm 2 ), it is possible to 
obtain the wider range of compressed air between 0.2- 
1.0 Mpa (2-10 kg/cm 2 ) by single air compressing 
means. Further, the extraction of the nitrogen gas from 
the atmosphere also contributes to the remarkable re- 
duction of running costs. 

[0028] According to claims 11 and 12, the filter ele- 
ment serves to extract only the nitrogen gas ingredient 
from the compressed air, continuously and at low-cost. 
[0029] According to claims 1 3 and 1 4, the absorption 
element serves to extract only the nitrogen gas ingredi- 
ent from the compressed air, continuously and at low- 
cost. 

[0030] According to claims 15 and 16, with reference 
to claims 1 and 2, after the supplied nitrogen gas is used 
at the machining part for the workpiece, this used nitro- 
gen gas is recycled by the collecting means comprising 
the breathing device and by the transfer means for 
transferring the used and collected nitrogen gas to the 
air compressing means again. Thus it is possible to pro- 
vide the nitrogen gas generator at lower running costs. 
Further, since the recycle of the nitrogen gas is carried 
out by a simplified collecting means, more effective ex- 
traction and recycle process can be accomplished. 



[0031] According to claims 1 7 and 1 8, with reference 
to claim 15 or 16, the collecting means is provided with 
the breathing device and the filter. Accordingly, the im- 
purities mingled in the used nitrogen gas are removed 
s by the filter, and it is possible to recycle the collected 
nitrogen gas with high purity, therebymore effective ex- 
traction and recycle process can be accomplished. 
[0032] According to claims 19 and 20, only the nitro- 
gen gas ingredient is separated and extracted from the 
10 compressed air which has been obtained through com- 
pression of the atmosphere, and in regard to a working 
machine such as a machining center, a milling machine 
or a gear cutting machine, it is possible to continuously 
supply the extracted nitrogen gas by maintaining the 
*5 high concentration thereof. Consequently, the continu- 
ous dry-cut operation by the above working machine as 
a dry-cut working machine can be carried out. 
[0033] According to claim 21 and 22, only the nitrogen 
gas ingredient is separated and extracted from the com- 
pressed air which has been obtained through compres- 
sion of the atmosphere, and in regard to a working ma- 
chine such as a lathe in which a workpiece is rotated 
and a tool (bite) is fixed, it is possible to continuously 
supply the extracted nitrogen gas by maintaining the 
high concentration thereof. Consequently, the continu- 
ous dry-cut operation by the above working machine as 
a dry-cut working machine can be carried out. 
[0034] And according to claims 23 and 24, only the 
nitrogen gas ingredient is separated and extracted from 
the compressed air which has been obtained through 
compression of the atmosphere, and in regard to a work- 
ing machine such as a grinding machine in which a 
workpiece is ground by a grinding stone or tool, it is pos- 
sible to continuously supply the extracted nitrogen gas 
by maintaining the high concentration thereof. Conse- 
quently, the continuous dry-cut operation by the above 
working machine as a dry-cut working machine can be 
carried out. 

[0035] The invention will be described below in detail 
with reference to the accompanying drawings, in which: 

Figure 1 is a front view of a working machine pro- 
vided with a nitrogen gas supply system according 
to a first embodiment of the present invention; 
Figure 2 is a front view of the working machine pro- 
vided with the nitrogen gas supply system accord- 
ing to the first embodiment of the present invention; 
Figure 3 is a front view of the working machine pro- 
vided with the nitrogen gas supply system accord- 
ing to the first embodiment of the present invention; 
Figure 4 is a block diagram of a first type of nitrogen 
gas generator according to the present invention; 
Figure 5 is a circuit diagram of a heater of the first 
through third types of nitrogen gas generator ac- 
cording to the present invention; 
Figure 6 is a structural diagram of a hollow fiber type 
of filter of the first through third types of nitrogen gas 
generator according to the present invention; 
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Figure 7 is a table showing characteristics of the first 
through third types of nitrogen gas generator ac- 
cording to the present invention; 
Figure 8 is a block diagram of the second type of 
nitrogen gas generator according to the present in- 
vention; 

Figure 9 is a block diagram of the third type of ni- 
trogen gas generator according to the present in- 
vention; 

Figure 10 is a view showing overall structure of a 
nitrogen gas supply system to which a recycle func- 
tion is added according to a second embodiment of 
the present invention; 

Figure 11 is a block diagram of the second type of 
nitrogen gas generator to which the recycle function 
is added; 

Figure 12 is a block diagram of the third type of ni- 
trogen gas generator to which the recycle function 
is added; 

Figure 13 is a block diagram of a fourth type of ni- 
trogen gas generator according to the present in- 
vention; 

Figure 1 4 is a sectional view showing function of the 
fourth type of nitrogen gas generator according to 
the present invention; 

Figure 1 5 is a sectional view showing function of the 
fourth type of nitrogen gas generator according to 
the present invention; 

Figure 16 is a front view of a working machine pro- 
vided with a nitrogen gas supply system according 
to a third embodiment of the present invention; 
Figure 17 is a front view of a working machine pro- 
vided with a nitrogen gas supply system to which 
the recycle function is added according to a fourth 
embodiment of the present invention; 
Figure 18 is a block diagram showing function or a 
fifth type of nitrogen gas generator, in which the re- 
cycle function is added to the fourth type of nitrogen 
gas generator; 

Figure 1 9 is a perspective view according to a fifth 
embodiment of the present invention, in which the 
working machine is applied to a gear cutting ma- 
chine; 

Figure 20 is a view according to a sixth embodiment 
of the present invention, in which the working ma- 
chine is applied to a lathe; 
Figure 21 is an expanded sectional view according 
to a seventh embodiment of the present invention, 
in which the working machine is applied to a grind- 
ing machine; and 

Figure 22 is an expanded sectional view according 
to the seventh embodiment of the present invention, 
showing a structure of a grinding machine provided 
with a splash guard. 

[0036] A first embodiment of the present invention will 
now be described with reference to Figures 1 through 
9. Fig. 1. is of the present invention. Fig. 1 is a front view 



of a nitrogen gas supply system 100 for dry-cut working 
machine, in which a nitrogen gas is supplied, from a 
blowoff tube 11, to a machining part 15, completely 
closed by a splash guard SG, of a working machine such 
s as a machining center or a milling machine. Figure 2 is 
a front view of a nitrogen gas supply system 100A for 
dry-cut working machine in which the nitrogen gas is 
blown, from a blowoff nozzle 1 1 ' positioned at a spindle, 
to a tool tip 5A. Figure 3 is a front view of a nitrogen gas 
10 supply system 1 00B in which the nitrogen gas is blown 
from a center hole 5B penetrating through an axis of a 
tool. Figure 4 is a circuit diagram of a nitrogen gas gen- 
erator. Figure 8 is a circuit diagram of a second type of 
nitrogen gas generator, and Figure 9 is a circuit diagram 
of a third type of nitrogen gas generator. In the present 
invention, the term "dry -cut" as above mentioned means 
the cutting technology in which cutting is carried out by 
supplying the nitrogen gas to the machining part or the 
tool tip of the working machine. 
[0037] The dry-cut working machine, of which refer- 
ence numeral is 1 , is provided with a high-speed rotation 
spindle 3, to which a tool 5 is attached. There is sepa- 
rately provided the blowoff tube 1 1 of which end opening 
aiming at the machining part 1 5 of the tool 5. The blowoff 
tube 1 1 may be provided, for example, on a spindle head 
7 supporting the spindle 3. The blowoff tube 11 is con- 
nected to a nitrogen gas generator 10 which generates 
nitrogen gas N 2 via a piping 9. The piping 9 also serves 
as a supplier 9A. Accordingly, the supplier 9A supplies 
the nitrogen gas N 2 to the tool tip 5A of the tool 5 posi- 
tioned in the space of the machining part 15. Since the 
machining part 15 is completely closed by the splash 
guard SG, the tool tip 5A as well as the surrounding ma- 
chining part 15 are under the nitrogen gas atmosphere 
with no existence of oxygen, thereby the dry-cut opera- 
tion can be carried out. 

[0038] The blow temperature of the nitrogen gas N 2 
is ordinarily a room (normal) temperature, and it is also 
possible to control the blow temperature between the 
room temperature and -1 50 °C, so that the cutting may 
be carried out in a most appropriate temperature. The 
temperature control is carried out by a cooling device 
(not shown), by which the nitrogen gas N 2 of which tem- 
perature is controlled to be the most appropriate for ap- 
plication to a workpiece W placed on a machining table 
or to a tool 5, is supplied to the blowoff tube 11. The 
supply of the nitrogen gas N 2 to the blowoff tube 11 is 
controlled so that a most appropriate gas blow pressure 
for application to the workpiece W or the tool 5 may be 
obtained, within the range of 0.2 - 1.0 Mpa (2 - 10 kg/ 
cm 2 ). 

[0039] The spindle 3 of the working machine 1 is sur- 
rounded by a completely closed splash guard SG in or- 
der to prevent the nitrogen gas N 2 from being leaked out 
of the machining part. After completion of machining to 
the workpiece, the used nitrogen gas N 2 is actively 
breathed by a breathing device K, then exhausted out- 
side (into the atmosphere). 
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[0040] Now the nitrogen gas supply system 100A for 
dry-cut working machine as illustrated in Fig. 2 will be 
described. According to the nitrogen gas supply system 
1 00 A, there is also the dry-cut working machine 1 having 
the machining part 15, in which the high-speed rotation 
spindle 3, to which a tool tip 5A of the tool 5 is attached, 
is provided. There is separately provided the blowoff 
nozzle 11 1 aiming at the machining part 15. The blowoff 
nozzle 1V serves as a blower 11 A. The blowoff nozzle 
11' may be provided, for example, on a spindle head 7 
supporting the spindle 3. The blowoff nozzle 1V is con- 
nected to the nitrogen gas generator 10 which gener- 
ates the nitrogen gas N 2 via the piping 9, that is, the 
supplier 9A. Accordingly, the supplier 9A and the blower 
11 A supply the nitrogen gas N 2 to the tool tip 5A of the 
tool 5 positioned in the space of the machining part 15. 
Since the machining part 1 5 is completely closed by the 
splash guard SG, the tool tip 5A as well as the surround- 
ing machining part 1 5 are under the nitrogen gas atmos- 
phere with no existence of oxygen, thereby the dry-cut 
operation can be carried out. 

[0041] The blow temperature and blow pressure of 
the nitrogen gas N 2 , and the structure of the completely 
closed splash guard SG and the means for collecting 
the used nitrogen gas N 2 are basically the same as the 
case of the nitrogen gas supply system 100 as above 
discussed. Therefore the detailed explanation thereof 
will not be made. 

[0042] Now the nitrogen gas supply system 100B for 
dry-cut working machine as illustrated in Fig. 3 will be 
described. According to the nitrogen gas supply system 
100B, the dry-cut working machine 1, having the ma- 
chining part 15, is provided with the high-speed rotation 
spindle head 7 which supports the spindle 3, and the 
tool 5 is attached to this spindle 3. There is a center hole 
5B serving as a blower 11B, penetrating through the 
spindle 3 as well as the tool 5 in the axial direction of 
the spindle 3. The upper end of the center hole 5B goes 
beyond the rear part of the spindle 3, and is connected 
to the nitrogen gas generator 10 serving as an external 
gas supply, via the supplier 9A. The lower end (bottom) 
of the center hole 5B reaches the outer surface of the 
tool tip 5A, so that an opening is formed on the outer 
surface of the cutting tip 5A. Thus the convergent and 
direct supply of the nitrogen gas N 2 at a machining point 
MP, at which a machining is applied to the workpiece W, 
can be carried out. Consequently, it is possible to supply 
the nitrogen gas N 2 inside of the workpiece W in the 
case of, for example, deep hole drilling, in which the ni- 
trogen gas N 2 cannot be supplied by using the blowoff 
nozzle IV according to the above discussed nitrogen 
gas supply system 1 00A. Accordingly, the most effective 
machining can be applied to the workpiece W regard- 
less of the machining condition. 
[0043] The blow temperature and blow pressure of 
the nitrogen gas N 2 , and the structure of the completely 
closed splash guard SG and the means for collecting 
the used nitrogen gas N 2 ' are also basically the same 



as the case of the nitrogen gas supply system 100 as 
above discussed. Therefore the detailed explanation 
thereof will not be made. 

[0044] The structure and function of the nitrogen gas 

5 generator 10 used for the nitrogen gas supply system 
100, 100A and 100b for dry-cut working machine, will 
now be described in detail with reference to Figure 4 as 
for a first type thereof. According to the first type of the 
nitrogen gas generator 10, only the nitrogen gas ingre- 

10 dient N 2 is collected from the atmosphere (the air). This 
nitrogen gas generator 10 collects the atmosphere com- 
prising 79 % of nitrogen and 1 9 % of oxygen around this 
generator, as the source of nitrogen gas. In this connec- 
tion, for example, there is an air compressor EC which 

is compresses the air to be about 0.4 - 0.8 Mpa (4 - 8 kg/ 
cm 2 ), and the thus obtained compressed air E is sup- 
plied to every place or section in the factory via pipings 
running through the factory This compressed air E has 
been serving as the compressed air supply actuating 

20 various air-actuated devices or instruments inside of the 
factory. 

[0045] The compressed air E is connected via an 
open/shut valve V1 to a drying means D which purifies 
the compressed air by removing the impurities there- 
25 from, such as oil, moisture and dust. The drying means 
D first generates a dry air E1 by using an air filter F1 
(moisture removing elements comprising single stage - 
three stages) or an air dryer (so-called "freezing air dry- 
er" by which the compressed air is cooled at -10 °C, 
namely the dew point of water). The thus obtained dry 
air E1 is then heated by an electric heater H serving as 
a heating means KA, to be in temperature about 50 - 60 
°C, so that the efficient separation and extraction of the 
nitrogen gas N 2 may be carried out. While this heating 
process will be required in particular when the freezing 
air dryer is used, if the dry air E1 has been obtained by 
the air filter F1, such a heating process will not be re- 
quired. In any case, the dry air E1 then becomes a dry 
air E2, of which temperature is about 50 - 60 °C. The 
structure of the heating means KA is illustrated in Figure 

5. The electric heater H and a voltage controller VC are 
connected in series to an AC power supply (100V). A 
temperature detecting sensor S detects the temperature 
of the blown dry air E2, and a temperature detecting con- 
troller HC controls the voltage controller VC, thereby the 
voltage applied to the electric heater H is controlled in 
order to obtain the dry air E2 at temperature of 50 - 60 
°C. 

[0046] The thus obtained dry air E2 is then pumped 
into an extracting means B in order to separate only the 
ingredient of nitrogen gas N 2 . The extracting means B 
comprises a plurality of filter elements R connected in 
parallel. If a small amount of the nitrogen gas N 2 should 
be separated, it is sufficient to use one or two fitter ele- 
ments R. As illustrated in the expanded view of Figure 

6, each of the filter elements R is provided with a hollow 
fiber filter IF as the main component thereof. Since the 
hollow fiber filter IF serves as the film which separates 
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the nitrogen gas from the other ingredients of the air, it 
is ordinarily called as a 'separation film module 0 . The 
permeating speeds in the hollow fiber filter IF are divided 
in two groups, that is, the faster speed group of "h^O, 
H 2 , He, H 2 S, C0 2 , 0 2 n and the slower speed group of 
"Ar, Co, N 2 , CH 4 °. When the dry air E2 obtained from 
the compressed air E is pumped into this hollow fiber 
filter IF, the heavier and larger molecular sizes of mois- 
ture, oxygen and carbon dioxide gas cannot pass 
through the hollow fiber filter IF, and the lighter and 
smaller molecular size of nitrogen gas N 2 can only pass 
through such a filter. Thus, only the nitrogen gas N 2 can 
be collected and generated by this filter IF, and the rest, 
that is the moisture, oxygen and carbon dioxide gas, is 
discharged into the atmosphere. 
[0047] Each of the filter elements R is provided with 
a throttle valve V2 at the output thereof in order to control 
the amount passing through the filter element R. Output 
pipings P of the filter elements R are concentrated as 
one piping P, with which a flow control valve V3 is con- 
nected. The thus obtained nitrogen gas N 2 then goes 
through a flow volume meter Q, a throttle valve V4 for 
the flow volume control, and an anti-reverse flow valve 
V5, etc., and eventually the nitrogen gas N 2 is supplied 
to the external piping 9. The number of plurality of filter 
elements R, as well as the connecting arrangements 
thereof, may be determined according to the using 
amount or the required gas concentration of the nitrogen 
gas N 2 , without any limitations. The connecting arrange- 
ments of the filter elements R may be in parallel or in 
series, or even in their (multiple) combination(s). The 
gas concentration of the nitrogen gas N 2 is controlled to 
be at a predetermined value between 90 % and 100 %, 
by a gas concentration maintaining means G comprising 
the flow control valve V3 and the flow volume meter Q. 
When the flow amount of the gas decreases through this 
flow control valve V3, the gas concentration will in- 
crease. Consequently, the predetermined gas concen- 
tration can be maintained by maintaining the predeter- 
mined gas flow amount. The gas concentration main- 
taining means G may comprise the flow control valve 
V3 and an oxygen gas concentration meter. Although it 
is essentially preferable to measure the nitrogen gas 
concentration, since there exists no nitrogen gas con- 
centration meter, the oxygen gas concentration meter 
will be used for indirectly measuring the concentration 
of the nitrogen gas from the rest value of the measured 
oxygen gas concentration. 

[0048] The present invention may also adopt a sec- 
ond type of nitrogen gas generator 20 as illustrated in 
Fig. 8. The nitrogen gas generator 20 further comprises 
a pressure intensifying means HP in addition to the el- 
ements of the first type of nitrogen gas generator 10 as 
above discussed. This pressure intensifying means HP 
further intensifies the compressed air E at 0.4 - 0.8 Mpa 
(4 - 8 kg/cm 2 ) running through the factory after the at- 
mosphere was compressed, to any appropriate pres- 
sure within the range of 0.6 - 0.8 Mpa (6 - 8 kg/cm 2 ). 



This pressure intensifying means HP is additionally pro- 
vided at the position, for example, between the open/ 
shut valve V1 and the moisture removing air filter F1. 
For the purpose of the pressure intensifying means HP, 
5 any small air compressor or pressure intensifier (cylin- 
der) actuated by small electric power may utilized. 
[0049] In regard to the intensified pressure in order to 
obtain the further compressed air E1, the compressed 
air E running through the factory, of which pressure is 
10 about 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ), is intensified to be 
about 0.6 - 1 .2 Mpa (6-12 kg/cm 2 ). Therefore, as com- 
pared with the direct pressure intensification of the at- 
mosphere to be about 0.6 - 1 .2 Mpa (6-12 kg/cm 2 ) by 
using a large size of air compressor, since it is possible 
is to intensify the pressure by only using the smaller size 
of air compressor or pressure intensifying cylinder, the 
space for installation, cost for equipment or the running 
costs may be reduced. In this connection, as the other 
elements of the second type of nitrogen gas generator 
20 are the same as those of the first type of nitrogen gas 
generator 10, the same numerals are applied to such a 
generator 20, hence the explanation thereof will not be 
made. 

[0050] The present invention may also adopt a third 
type of nitrogen gas generator 30 as illustrated in Fig. 
9. In regard to this nitrogen gas generator 30, in place 
of the structure of the first type of nitrogen gas generator 
10 in which the source of the nitrogen gas N 2 relies on 
the compressed air E at 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ) 
running through the factory after the atmosphere was 
compressed, there is provided a larger size of air com- 
pressor CP. Although this type of air compressor CP re- 
quires much costs, it is possible to directly obtain the 
compressed air in the range of 0.2 - 1.0 Mpa (2 - 10 kg/ 
cm 2 ) from the atmosphere. When the large size of air 
compressor CP is used, in spite of its higher costs, the 
wider range of compressed air E may easily be ob- 
tained. After that, the compressed air E may be adjusted 
to be the required concentration of compressed air E, 
and may be pumped into the filter elements R. In this 
connection, as the other elements of the third type of 
nitrogen gas generator 30 are the same as those of the 
first type of nitrogen gas generator 10, the same numer- 
als are applied to such a generator 30, hence the expla- 
nation thereof will not be made. 
[0051] As above described, the structures of each of 
the nitrogen gas generators 10, 20 and 30, used for any 
of the nitrogen gas supply systems 1 00, 1 00A and 1 00B 
for dry-cut working machine are classified in three 
groups. Now the function of the extract of the nitrogen 
gas and the supply thereof to the working part 1 5 will be 
described as for each generator. First, in regard to the 
first type of nitrogen gas generator 10 as illustrated in 
Fig. 4, the atmosphere around the generator 10 (79 % 
of nitrogen and 19 % of oxygen) as the source of the 
nitrogen gas has been compressed to be within the 
range of 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ). The thus com- 
pressed air E is supplied to every place or section in the 
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factory via pipings running through the factory, and is 
fundamentally used for any air-actuated instruments or 
apparatus. Therefore, the nitrogen gas generator 10 
does not require any air compressor for generating the 
compressed air E, thus the running and installation 
costs may be reduced. Consequently, the compressed 
air E is supplied to the open/shut valve V1 . 
[0052] In regard to the second type of nitrogen gas 
generator 20 as illustrated in Fig. 8, the atmosphere 
around the generator 20 (79 % of nitrogen and 19 % of 
oxygen) as the source of the nitrogen gas has also been 
compressed to be within the range of 0.4 - 0.8 Mpa (4 - 
8 kg/cm 2 ). The thus compressed air E is supplied to eve- 
ry place or section in the factory via pipings running 
through the factory, and is fundamentally used for any 
air-actuated instruments or apparatus. Then, where 
necessary, the pressure of the compressed air E (0.4 - 
0.8 Mpa) is intensified by the pressure intensifying 
means HP to be about 0.6 - 1.0 Mpa. Therefore, it is 
sufficient to use the small size of air compressor to in- 
tensify the air pressure, thus the running and installation 
costs may be reduced. Consequently, the compressed 
air E is supplied to the open/shut valve V1 . 
[0053] In regard to the third type of nitrogen gas gen- 
erator 30 as illustrated in Fig. 9, the large size of air com- 
pressor CP is used for directly intensify the pressure of 
the atmosphere in order to obtain the compressed air E 
within the range of 0.2 - 1 .0 Mpa (2-10 kg/cm 2 ). There- 
fore such a large size of compressor should be pre- 
pared, but it is possible to easily obtain the wider range 
of compressed air. Consequently, the compressed air E 
is then be supplied to the open/shut valve V1 . 
[0054] As above described, in regard to the nitrogen 
gas generators 10, 20 and 30, the common process is 
used for separating and extracting the nitrogen gas N 2 
from the compressed air E. Accordingly, the separation 
and extraction processes of the respective nitrogen gas 
generators 10, 20 and 30 will be described as the fol- 
lowing common process. 

[0055] The compressed air E is sent to the moisture 
removing air filter F1 (single - three stages) in order to 
obtain the dry air E1 in which the impurities such as oil, 
moisture and dust are removed. The dry air E1 is then 
heated by the electric heater H to be in temperature 
about 50 - 60 °C. In regard to the electric heater H, as 
illustrated in Fig. 4, the temperature detecting sensor S 
detects the temperature of the obtained dry air E2, and 
the temperature detecting controller HC controls the 
voltage controller VC to be at the voltage so that the 
temperature of the dry air E2 may be at temperature of 
50 - 60 °C. 

[0056] The thus heated dry air E2 is then pumped into 
the extracting means B comprising a plurality of filter el- 
ements R in order to separate only the ingredient of ni- 
trogen gas N 2 from the dry air E2. When the dry air E2 
passes through the filter elements R, the heavier and 
larger molecular sizes of moisture, oxygen and carbon 
dioxide gas cannot pass through the hollow fiber filter 
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IF, and the lighter and smaller molecular size of nitrogen 
gas N 2 can only pass through such a filter IF Thus, only 
the nitrogen gas N 2 can be collected and generated by 
this filter IF, and the rest, that is the moisture, oxygen 
s and carbon dioxide gas, is discharged into the atmos- 
phere. 

[0057] The extracted nitrogen gas N 2 from each of the 
outputs of the filter elements R via the throttle valve V2 
is concentrated at one piping P. The concentration of the 
10 generated nitrogen gas N 2 is then controlled to be at a 
predetermined value between 90 % and 100 % by the 
flow control valve V3. That is, when the flow amount of 
the gas decreases through this flow control valve V3, 
the gas concentration will increase, and the flow amount 
1$ thereof increases by opening the flow control valve V3, 
the gas concentration will decrease. The flow amount 
thereof is measured by the flow volume meter Q in order 
to obtain the predetermined gas concentration. As for 
the actual concentration of the nitrogen gas N 2 , the flow 
20 amount of the piping P is measured by the flow volume 
meter Q, thereby the gas concentration will be pre- 
sumed. The output of the flow volume meter Q is pro- 
vided with the throttle valve V4 and the anti-reverse flow 
valve V5, from which the nitrogen gas N 2 is supplied, 
via the supplier 9A, to the blowoff nozzle 1 1 ' or the center 
hole 5A of the dry -cut working machine 1 . For reference, 
if the oxygen gas concentration meter is used, the nitro- 
gen gas concentration is indirectly measured from the 
rest value of the measured oxygen gas concentration. 
[0058] The characteristics of the above discussed 
three types of the nitrogen gas generator 10, 20 and 30 
are shown in the table of Fig. 7. According to this table, 
it is proved that 15Nm 3 /h of nitrogen gas N 2 per hour 
can be generated by maintaining the nitrogen gas con- 
centration of 95 %. In order to secure this condition, 
source air pressure: 3.0 kg/cm 2 source air temperature: 
room temperature, and nitrogen gas pressure: 4.0 kg/ 
cm 2 are required. Further, nitrogen gas dew point: -30 
°C, source air dew point: -10 °C, and flow meter range: 
20.0 Nm 3 /h, are used. 

[0059] According to the three types of the nitrogen gas 
generator 10, 20 and 30 as above described, the com- 
pressed air at 0.4 - 1 .0 Mpa (4-10 kg/cm 2 ) or at 0.2 - 
1.0 Mpa (2-10 kg/cm 2 ) obtained by compressing the 
atmosphere is supplied to the filter elements of the ex- 
tracting means B, thereby only the nitrogen gas ingre- 
dient may be separated and extracted. Thus the extract- 
ed nitrogen gas, of which gas concentration is main- 
tained at the predetermined value between 90 % - 100 
%, may be supplied to the dry-cut working machine 1 . 
Accordingly, as illustrated in Figures 1, 2 and 3, the ni- 
trogen gas N 2 may continuously be supplied to the work- 
ing part 15 via the blowoff tube 11, the blowoff nozzle 
1 1 ' or the center hole 5B. Since the tool tip 5A of the tool 
5 and the adjacent area thereto in which the machining 
to the workpiece W is carried out is in the no-oxygen, 
nitrogen gas atmosphere, the cooling effect and the pre- 
vention of oxidation may be accomplished. 
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[0060] The above discussed three types of the nitro- 
gen gas generators 10, 20 and 30 have the following 
merits. First, the nitrogen gas existing in the atmosphere 
may be extracted as the large amount of nitrogen gas 
at the predetermined concentration within a range of 90 
% - 100 % by the filter elements R of the extracting 
means B and the gas concentration maintaining means 
G. Accordingly, the constant supply of the nitrogen gas 
can be carried out, which contributes to the reduction of 
the running costs and the continuous supply of the ni- 
trogen gas to the machining part for the workpiece W. 
[0061] Further, in regard to the first and second types 
of the nitrogen gas generators 10 and 20, the com- 
pressed air E running through the factory at 0.4 - 0.8 
Mpa (4 - 8 kg/cm 2 ) is used as the source of the com- 
pressed air E1. Thus it is not necessary to incorporate 
the air compressor in the nitrogen gas generator. In ad- 
dition, if the further compression of the air is required, it 
is sufficient to use the small size of pressure intensifying 
means HP to obtain the compressed air at 0.6 - 1 .0 Mpa 
(6-10 kg/cm 2 ). Accordingly, the down-sized and low- 
cost nitrogen gas supply system can be accomplished. 
Further, according to the third type of the nitrogen gas 
generator 30, the wider range of compressed air may 
be obtained by the air compressor CP, thus the nitrogen 
gas having the wider range of flow amount and concen- 
tration can be supplied. 

[0062] The nitrogen gas generator 10, 20 and 30 can 
be applied to the nitrogen gas supply system 1 00, 1 00A 
and 100B, as respectively illustrated in Figs. 1, 2 and 3, 
each of which is connected to the dry -cut working ma- 
chine 1 . Now the function of the dry-cut working machine 
1 will be described. First, the generation of the nitrogen 
gas N 2 is carried out by one of the nitrogen gas gener- 
ators 10, 20 and 30 as respectively shown in Figs. 4, 8 
and 9. The obtained concentration of the nitrogen gas 
N 2 is controlled within a range of 90 % - 1 00 % according 
to the condition of working. As for the actual concentra- 
tion of the nitrogen gas N 2 , the flow amount of the piping 
P is measured by the flow volume meter Q, thereby the 
gas concentration will be presumed. The output of the 
flow volume meter Q is provided with the throttle valve 
V4 and the ant i- re verse flow valve V5, from which the 
nitrogen gas N 2 is supplied via the supplier 9A to the 
blowoff tube 11 of the dry-cut working machine 1 . In re- 
gard to the working machine shown in Fig. 2, the nitro- 
gen gas N 2 is supplied to the blowoff nozzle 1 1 ' serving 
as the blower 11 A. The blow pressure of the nitrogen 
gas N 2 is controlled to be the most appropriate pressure 
for the workpiece W or the tool used for working within 
a range of 0.2 - 1 .0 Mpa (2-10 kg/cm 2 ). 
[0063] Accordingly, in regard to the dry-cut working 
machine 1 shown in Fig. 1 or 2, there has been the com- 
pressed air E obtained by compressing the atmosphere, 
and only the nitrogen gas ingredient is separated and 
extracted from such a compressed air E. The thus ex- 
tracted nitrogen gas N 2 , of which concentration is main- 
tained to be a predetermined and considerably high con- 



centration (90 % - 1 00 %), is then supplied to the working 
part 15 or the tool tip 5A. The working part 15 and the 
tool tip 5 A thus become in the nitrogen gas atmosphere 
with no oxygen existing, thereby the cooling function 
5 and the oxidation prevention for the tool 5 as well as the 
workpiece W can effectively be accomplished. Further, 
since the nitrogen gas existing in the atmosphere is col- 
lected and supplied, the lower running costs and con- 
tinuous nitrogen gas supply can also be accomplished. 
w [0064] The above function can also be accomplished 
according to the dry-cut working machine 1 as illustrated 
in Fig. 3. In regard to this working machine 1 of Fig. 3, 
there is provided the high-speed rotation spindle head 
7 which supports the spindle 3, and the tool 5 is attached 
15 to this spindle 3. There is the center hole 5B penetrating 
through the spindle 3 as well as the tool 5. The upper 
end of the center hole 5B goes beyond the rear part of 
the spindle 3, and is connected to one of the nitrogen 
gas generators 10, 20 and 30 serving as an external gas 
supply. The lower end (bottom) of the center hole 5B 
reaches the outer surface of the tool tip 5A, so that the 
opening is formed on the outer surface of the cutting tip 
5A. Thus the convergent and direct supply of the nitro- 
gen gas N 2 at the machining point MP, at which the ma- 
chining is applied to the workpiece W, can be carried 
out. Consequently, it is possible to supply the nitrogen 
gas N 2 inside of the workpiece W in the case of, for ex- 
ample, deep hole drilling, in which the nitrogen gas N 2 
cannot be supplied by using the blowoff nozzle 1V. Ac- 
cordingly, the most effective machining can be applied 
to the workpiece W regardless of the machining condi- 
tion. 

[0065] According to the nitrogen gas supply systems 
100, 100Aand 100B for dry-cut working machine 1, as 
respectively illustrated in Figs. 1 through 3, the common 
function can be obtained as follows. That is, there has 
been the compressed air running through the factory at 
0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ) obtained by compressing 
the atmosphere, and this compressed air is first supplied 
to the filter elements in order to separate and extract 
only the nitrogen gas ingredient. The thus extracted ni- 
trogen gas N 2 is maintained at the concentration not less 
than 90 %, and can be supplied to the working part of 
the tool tip of the working machine. The working part for 
the workpiece or the tool tip thus becomes in the nitro- 
gen gas atmosphere with no oxygen existing, thereby 
the cooling function and the oxidation prevention for the 
tool as well as the workpiece can effectively be accom- 
plished. Further, since the nitrogen gas existing in the 
atmosphere is collected and supplied, the lower running 
costs and continuous nitrogen gas supply can also be 
accomplished. 

[0066] The air compressing means may comprise on- 
ly the compressed air at 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ) 
running through the factory via piping, or the additional 
pressure intensifying means which intensifies the com- 
pressed air in the factory to be about 6-10 kg/cm 2 Ac- 
cordingly, it is not necessary to incorporate a large size 
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of air compressor in the nitrogen gas generator, and in- 
stead, the small size of air compressor may be incorpo- 
rated in order to sufficiently intensify the air pressure. 
Thus the down-sized and low-cost nitrogen gas gener- 
ator accepting wider range of compressed air can be 
accomplished. 

[0067] Further, the air compressing means may also 
comprise the special air compressor which generates 
the wider range of compressed air at 0.2 - 1 .0 Mpa (2 - 
1 0 kg/cm 2 ) directly from the atmosphere. Thus the wider 
range of compressed air at 0.2 - 1 .0 Mpa (2-10 kg/cm 2 ) 
may be obtained. 

[0068] As above discussed, the nitrogen gas supply 
systems 100, 100A and 100B for dry-cut working ma- 
chine respectively comprise the nitrogen gas generator 
10, 20 and 30. Further, any of the nitrogen gas supply 
systems 100, 1 00A and 100B may be modified to a ni- 
trogen gas supply system 100' as illustrated in Fig. 10 
according to a second embodiment of the present in- 
vention. In the second embodiment, a used n itrogen gas 
N 2 ' is collected by a breathing device K (to which a blow- 
er, air pump, etc. may be applied) and a filter F serving 
as a collecting means, then a transfer means comprising 
a piping P2 sends the used nitrogen gas N 2 ' having 
raised in temperature, via a cooler C which cools such 
a used nitrogen gas N 2 \ to an air intake of the air com- 
pressor HP, CP of the nitrogen gas generator 20, 30. 
Accordingly, the used nitrogen gas N 2 ' can be reused. 
The cooler C may be omitted if the temperature of the 
used nitrogen gas N 2 is not considerably high. Further, 
according to the type of material to which the machining 
is carried out, the filter F may also be omitted if such a 
machining causes little dust. As illustrated in Figs. 11 
and 1 2, the recycle of nitrogen gas according to the sec- 
ond embodiment may be applied to the nitrogen gas 
generators 20 and 30 respectively provided with the 
pressure intensifying means HP and the air compressor 
CP. As the other elements and functions of Figs. 11 and 
12 are basically the same as those of Figs. 8 and 9, the 
explanation thereof will not be made. 
[0069] According to the nitrogen gas supply system 
100' for dry-cut working machine in the second embod- 
iment as illustrated in Fig. 1 0, the space around the spin- 
dle 3 of the dry-cut working machine 1 is completely 
closed by the splash guard SG in order to prevent the 
nitrogen gas N 2 , which has been blown to the working 
part 1 5, from being leaked to the outside of the splash 
guard SG, thereby the high concentration of the nitrogen 
gas is maintained. After the working is completed, the 
used nitrogen gas N 2 ' is actively taken in and collected 
by the breathing device K. Then the impurities of the 
thus collected used nitrogen gas N 2 * are removed by the 
filter F, thus the used nitrogen gas N 2 having high con- 
centration is recycled and sent to the nitrogen gas gen- 
erator 20 or 30. Accordingly, more effective extraction 
and recycle of the nitrogen gas can be carried out. It is 
of course clear that the recycle of nitrogen gas according 
to the second embodiment may also be applied to the 



nitrogen gas supply systems 1 00A and 1 00B for dry-cut 
working machine as shown in Figs. 2 and 3. 
[0070] As for the nitrogen gas supply systems 100, 
100A and 100B for dry-cut working machine according 
5 to the present invention, the application of the nitrogen 
gas generator thereto is not limited to the above dis- 
cussed three types of nitrogen gas generators 10, 20 
and 30 as illustrated in Figs. 3 through 9. For example, 
there is provided a fourth type of nitrogen gas generator 
10 40 as illustrated in Fig. 1 3, in which an absorption ele- 
ment Ko is used as the extracting means B. This type 
of nitrogen gas generator 40 has been provided as a 
multi-purpose nitrogen gas generator. The nitrogen gas 
generator 40 is provided with two absorption tanks K1 
is and K2, to each of which the compressed air E1 is al- 
ternately sent in order to generate the nitrogen gas N 2 
having high concentration. The compressed air E1 has 
been generated and running through the factory, or is 
generated by the air compressor to be at 0.2 - 1 .0 Mpa 
(2- 10 kg/cm 2 ). 

[0071] As illustrated in Fig. 14, when the compressed 
air E1 is inducted into the absorption element Ko, the 
absorption tank K1 absorbs H 2 0, C0 2 , 0 2 , etc., and only 
the nitrogen gas N 2 passes through this absorption tank 
K1 . The nitrogen gas N is then sent to a buffer tank Bo. 
As the function of the absorption tank K1 may have been 
paralyzed due to absorbing impurities such as H 2 O t 
C0 2 , 0 2 , etc., the induction of the compressed air E1 
will be interrupted in such a paralyzed state of the ab- 
sorption tank K1 , and the compressed air E1 is then in- 
ducted from the opposite side as illustrated in Fig. 15. 
The thus inducted compressed air EV in the opposite 
direction serves to remove H 2 O p C0 2 , 0 2 , etc., which 
have been absorbed by the absorption tank K1, to the 
outside as an exhaust gas. After that, the compressed 
air E1 is inducted again from the left hand of Fig. 14, 
thus H 2 0, C0 2 , 0 2 , etc. are absorbed by the absorption 
tank K1 , and only the nitrogen gas N 2 passed through 
the absorption tank K1 is repeatedly sent to the buffer 
tank Bo. 

[0072] When the absorption tank K1 absorbs the com- 
pressed air E1, this compressed air E1 also serves as 
the compressed air EV in the opposite direction as for 
the other absorption tank K2. That is, since the absorp- 
tion tanks K1 and K2 are alternately operated by the 
phase-shift of 180°, when the compressed air E1 is in- 
ducted in the absorption tank K1, this compressed air 
exhausts H 2 0, C0 2 , 0 2 , etc. which have been absorbed 
by the absorption tank K2 to the outside as the com- 
pressed air EV in the opposite direction. Consequently, 
the nitrogen gas N 2 may continuously be supplied to the 
buffer tank Bo. If the nitrogen gas generator 40 con- 
sumes a large amount of nitrogen gas, it is sufficient to 
increase the size or the number of the absorption tanks 
K1 and K2. 

[0073] The thus generated nitrogen gas N 2 by the ni- 
trogen gas generator 40 is collected in the buffer tank 
Bo. The nitrogen gas N 2 in this buffer tank Bo is then 
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supplied, by a nitrogen gas supply system 400 for dry- 
cut working machine according to a third embodiment 
of the present invention as illustrated in Fig. 16, to the 
blowoff nozzle 1V (or the blowoff tube 11 of Fig. 1 or the 
center hole 5B of Fig. 3) via the piping P serving as the 
supplier. In the third embodiment, the function thereof is 
basically the same as those of the nitrogen gas supply 
systems 100, 100A and 100B for dry-cut working ma- 
chine using any of the first through third types of the ni- 
trogen gas generators 10, 20 and 30. Therefore the de- 
tailed explanation of the function will not be made. 
[0074] The nitrogen gas supply system 400 according 
to the third embodiment to which the nitrogen gas gen- 
erator 40 is applied has the following merits. First, the 
compressed air running through the factory is supplied 
to the absorption element, thereby the nitrogen gas may 
be separated and extracted at lower running costs. Then 
this low-cost nitrogen gas can be supplied to the tool tip 
of the working machine which carries out the machining 
for the workpiece, thus the dry -cut working for the work- 
piece can be carried out in the nitrogen gas atmosphere 
with no oxygen existing. In regard to the absorption el- 
ement, when the flow amount of the nitrogen gas in- 
creases, the nitrogen gas concentration will not signifi- 
cantly be lowered. Therefore, according to this merit of 
the absorption element, the nitrogen gas supply system 
400 is suitable for a large amount of nitrogen gas supply 
[0075] The present invention may also be modified to 
a nitrogen gas supply system 500 according to a fourth 
embodiment of the present invention for dry-cut working 
machine 1 , as illustrated in Figs. 1 7 and 1 8. In the fourth 
embodiment, the nitrogen gas supply system 500 ap- 
plies the fourth type of the nitrogen gas generator 40 as 
shown in Fig. 13 to the dry-cut working machine 1 of the 
second embodiment, which is shown in Fig. 10. As illus- 
trated in Fig. 17, the used nitrogen gas N 2 * after com- 
pletion of working is actively collected by the splash 
guard SG completely closing the space around the 
space for working and by a breathing device KU as the 
collecting means positioned inside of the splash guard 
SG. The collected used nitrogen gas N 2 ' is sent to a 
compressor SC of a nitrogen gas generator 50, a fifth 
type of nitrogen gas generator. The transport route of 
the used nitrogen gas N 2 via a transport means com- 
prising a piping P2 is in the order of a filter F and a switch 
valve V. The filter F serves as another collection means 
for removing dust, and the switch valve V switches the 
direction of the used nitrogen gas N 2 ' between to the 
outside and to the compressor SC. If the used nitrogen 
gas N 2 ' is in high temperature and the cooling thereof 
should be carried out, a cooler (not shown) may be pro- 
vided in the piping P2. As the other structure is basically 
the same as that of the nitrogen gas generator 40 as 
illustrated in Fig. 1 3, the same numerals are given there- 
to, and the detailed explanation thereof will not be made. 
[0076] As illustrated in Figs. 17 and 18, according to 
the fifth type of nitrogen gas generator 50, after the work- 
ing is completed, the used nitrogen gas N 2 ' is collected 



by the collecting means comprising the breathing device 
KU and the filter F, and the collected used nitrogen gas 
N 2 is then compressed again and supplied to the ab- 
sorption element Ko. Consequently, the generation, col- 
5 lection and recycle of the nitrogen gas remarkably im- 
prove, thereby the effective blow and supply of the ni- 
trogen gas at the machining point MP of the tool 5 can 
be carried out under the lower running costs. 
[0077] The working machine 1 to which the present 
io invention may be applied is not limited to the machining 
center or the milling machine as illustrated in Figs. 1 
through 3. In this connection, there is provided a fifth 
embodiment of the present invention as illustrated in 
Fig. 19 in which a gear cutting machine 600, which cuts 
is and forms the gear from the workpiece W by a cutting 
tool 65 such as a gear hob, the nitrogen gas N 2 is blown 
out of the blowoff nozzle 1 1 ' toward the machining point 
of the cutting tool 65 for the workpiece W. Accordingly, 
the dry-cut can also be carried out by this nitrogen gas 
supply system 1 00C according to the fifth embodiment. 
[0078] Further, there is provided a nitrogen gas supply 
system 100D applied to a lathe 700 according to a sixth 
embodiment of the present invention as illustrated in 
Fig. 20. As for the lathe 700, a rotated workpiece W1 is 
cut by a tip Co of a fixed bite (fixed tool used for lathe) 
BT. In the sixth embodiment, the blow of the nitrogen 
gas to the machining point may be carried out by a noz- 
zle 1 2, or by the direct blow from a center hole C1 pen- 
etrating through the axis of the bite BT 
[0079] The same function and effect as those of the 
working machine 1 applied to machining center or mill- 
ing machine, may also be obtained by this lathe 700, to 
which the nitrogen gas supply system 100D for dry-cut 
working machine according to the sixth embodiment is 
applied. Further, the concept of the present invention 
may be applied to any other working machine for cutting 
of workpiece, or for grinding of workpiece by grinding 
stone. It is not always necessary to be provided with the 
splash guard for each working machine, but the splash 
guard may be necessary when the effect and function 
of the nitrogen gas should be strengthened. Therefore, 
when still stronger effect and function are desired, the 
machining part for the workpiece should preferably be 
closed by another shield in addition to the present 
splash guard. 

[0080] Figs. 22 and 23 illustrate a seventh embodi- 
ment of the present invention in which the working ma- 
chine 1 is applied to a grinding machine BOO. Figure 21 
shows the structure that a grinding stone 73 attached to 
the spindle 70 grinds a surface of a workpiece W2, in 
which the nitrogen gas N 2 is directly blown from the noz- 
zle 1 1 ' to the surface of the grinding stone 73. Figure 22 
shows the structure in which the splash guard SG com- 
pletely closes the space around the workpiece W2 and 
the grinding stone 73 on a table 75. The nitrogen gas 
N 2 is inducted from a blowoff pipe P4 into this closed 
space, then the used nitrogen gas is exhausted to the 
outside from an exhaust pipe P5 in order to be collected. 
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[0081] When the grinding of the workpiece W2 is car- 
ried out, the working part becomes in the same no-ox- 
ygen state as that when the cutting is carried out by the 
machining center or the milling machine. Consequently, 
the working part may effectively be cooled and prevent- 
ed from being oxidized. As for the nitrogen gas concen- 
tration of grinding, the most appropriate gas concentra- 
tion between 90 % - 100 % is maintained similar to the 
case of cutting. 



Claims 

1. A nitrogen gas supply system for dry-cut working 
machine (1), comprising a nitrogen gas generator 
(10, 20, 30) which separates and extracts only ni- 
trogen gas (N 2 ) existing in the atmosphere, and a 
supplier (9A) which sends said nitrogen gas (N 2 ) 
from said nitrogen gas generator (10, 20, 30) to a 
working part (15) of aworking machine (1). 

2. A nitrogen gas supply system for dry-cut working 
machine (1), comprising a nitrogen gas generator 
(10, 20, 30) which separates and extracts only ni- 
trogen gas (N 2 ) existing in the atmosphere, a sup- 
plier (9A) which sends said nitrogen gas (N 2 ) from 
said nitrogen gas generator (1 0, 20, 30) to a working 
machine (1), and blower (11 A) which convergently 
blows said nitrogen gas (N 2 ) at a cutting tip (5A) in 
a working part (15) of said working machine (1). 

3. The nitrogen gas supply system for dry-cut working 
machine (1 ) as claimed in claim 1 , wherein said ni- 
trogen gas generator (10, 20, 30) comprising a air 
compressing means which compresses the atmos- 
phere to be within a range of 0.2 - 1 .0 Mpa (2-10 
kg/cm 2 ) in order to obtain a compressed air (E1), a 
drying means (D) which removes oil and moisture 
from said compressed air (E1 ), a extracting means 
(B) which extracts only nitrogen gas (N 2 ) from said 
compressed air (E1 ), and a gas concentration main- 
taining means (G) provided with a flow control valve 
(V3) and flow volume meter (Q) or with a flow control 
valve (V3) and an oxygen concentration meter in 
order to maintain a concentration of said nitrogen 
gas (N 2 ) to be within a range of 90 % - 100 %. 

4. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 2, wherein said ni- 
trogen gas generator (10, 20, 30) comprising a air 
compressing means which compresses the atmos- 
phere to be within a range of 0.2 - 1.0 Mpa (2-10 
kg/cm 2 ) in order to obtain a compressed air (E1 ), a 
drying means (D) which removes oil and moisture 
from said compressed air (E1), a extracting means 
(B) which extracts only nitrogen gas (N 2 ) from said 
compressed air (E1 ), and a gas concentration main- 
taining means (G) provided with a flow control valve 



(V3) and flow volume meter (Q) or with a flow control 
valve (V3) and an oxygen concentration meter in 
order to maintain a concentration of said nitrogen 
gas (N 2 ) to be within a range of 90 % - 100 %. 

5 

5. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 3, wherein said air 
compressing means is a compressed air supply 
running through a factory via piping within a range 

10 of 0.4 -0.8 Mpa (4 -8 kg/cm 2 ). 

6. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 4, wherein said air 
compressing means is a compressed air supply 

15 running through a factory via piping within a range 
of 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ). 

7. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 3, wherein said air 

20 compressing means is a compressed air supply 
running through a factory via piping within a range 
of 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ), and a pressure in- 
tensifying means (HP) which further intensifies 
pressure of said compressed air supply to be in a 

25 range of 0.6 - 1 .0 Mpa (6-10 kg/cm 2 ). 

8. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 4, wherein said air 
compressing means is a compressed air supply 

30 running through a factory via piping within a range 
of 0.4 - 0.8 Mpa (4 - 8 kg/cm 2 ), and a pressure in- 
tensifying means (HP) which further intensifies 
pressure of said compressed air supply to be in a 
range of 0.6 - 1 .0 Mpa (6-10 kg/cm 2 ). 

35 

9. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 3, wherein said air 
compressing means is an air compressor (CP) 
which generates a compressed air within a range 

40 of 0.2 -1.0 Mpa (2 -10 kg/cm 2 ). 

10. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 4, wherein said air 
compressing means is an air compressor (CP) 

45 which generates a compressed air within a range 
of 0.2- 1.0 Mpa (2 -10 kg/cm 2 ). 

11. The nitrogen gas supply system for dry-cut working 
machine (1 ) as claimed in claim 3, wherein said ex- 

50 tracting means (B) is a filter element (R) which sep- 
arates only said nitrogen gas (N 2 ) from said com- 
pressed air. 

12. The nitrogen gas supply system for dry-cut working 
55 machine (1 ) as claimed in claim 4, wherein said ex- 
tracting means (B) is a filter element (R) which sep- 
arates only said nitrogen gas (N 2 ) from said com- 
pressed air. 



12 



23 



EP 0 958 887 A2 



24 



1 3. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 3, wherein said ex- 
tracting means (B) is an absorption element (Ko) 
which separates only said nitrogen gas (N 2 ) from 
said compressed air. 

14. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 4, wherein said ex- 
tracting means (B) is an absorption element (Ko) 
which separates only said nitrogen gas (N 2 ) from 
said compressed air. 

15. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 1, further compris- 
ing a breathing device (K) serving as a collecting 
means for collecting said nitrogen gas (N 2 ) after 
completion of working, and a piping (P2) serving as 
a transfer means which transfers a collected nitro- 
gen gas (N 2 ') to said air compressing means. 

16. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 2, further compris- 
ing a breathing device (K) serving as a collecting 
means for collecting said nitrogen gas (N 2 ) after 
completion of working, and a piping (P2) serving as 
a transfer means which transfers a collected nitro- 
gen gas (N 2 ') to said air compressing means. 

17. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 15, wherein said 
collecting means comprising a breathing device (K) 
and a filter (F). 

1 8. The nitrogen gas supply system for dry-cut working 
machine (1) as claimed in claim 16, wherein said 
collecting means comprising a breathing device (K) 
and a filter (F). 

1 9. The nitrogen gas supply system for dry-cut working 
machine (1 ) as claimed in claim 3, wherein said dry- 
cut working machine (1) is a machining center, a 
milling machine or a gear cutting machine. 

20. The nitrogen gas supply system for dry-cut working 
machine (1 ) as claimed in claim 4, wherein said dry- 
cut working machine (1) is a machining center, a 
milling machine or a gear cutting machine. 

21 . The nitrogen gas supply system for dry-cut working 
machine (1 ) as claimed in claim 3, wherein said dry- 
cut working machine (1) is a lathe. 

22. The nitrogen gas supply system for dry-cut working 
machine (1 ) as claimed in claim 4, wherein said dry- 
cut working machine (1) is a lathe. 

23. The nitrogen gas supply system for dry-cut working 
machine (1 ) as claimed in claim 3, wherein said dry- 



cut working machine (1) is a grinding machine 
which grinds a workpiece (W2) by a grinding tool 
(73). 

24. The nitrogen gas supply system for dry-cut working 
machine (1 ) as claimed in claim 4, wherein said dry- 
cut working machine (1) is a grinding machine 
which grinds a workpiece (W2) by a grinding tool 
(73). 
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